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Description
Technical Field

[0001] The presentinvention relates to a high-molecular weight conjugate of physiologically active substances in which
aresidue of the physiologically active substance having a carboxy group is bonded, through a specific linker, to a carboxy
group of a block copolymer having a polyethylene glycol moiety and a polymer moiety having two or more carboxylic
acid groups and the use thereof. The description also discloses a method for manufacturing the same, as well as
conjugates wherein the residue of the physiologically active substance has an amino group.

Background Art

[0002] High-molecular weight conjugates obtained by bonding physiologically active substances such as an anticancer
agent or an anti-inflammatory agent, especially a physiologically active substances with low solubility in water, to a high-
molecular weight carrier have been studied extensively since the high-molecular weight conjugates improve the in vivo
pharmacokinetics of the physiologically active substances themselves, the water solubility thereof and the like, and are
expected to thus improve the efficacy of the substances as drugs. Particularly block copolymers in which a hydrophilic
polymer and a hydrophobic polymer are bonded are characterized by being capable of maintaining the water solubility
as the whole polymer even if the amount of a physiologically active substances carried thereon is increased, by forming
a micelle having the hydrophobic polymer carrying the physiologically active substances as the inner shell and the
hydrophilic polymer covering the surface.

[0003] Patent Document 1 discloses a compound in which a drug is bonded to a block copolymer of a polyethylene
glycol and a polyaspartic acid and which forms micelles and has water solubility. Patent Document 2 discloses a high-
molecular weight derivative of camptothecins in which a side chain carboxy group of a block copolymer of a polyethylene
glycol and a polyglutamic acid is bonded to a phenolic hydroxyl group of the camptothecins.

[0004] Patent Document 3 discloses a compound in which a drug is bonded to a polyethylene glycol through a specific
linker to cause a benzyl elimination reaction. Patent Document 4 discloses a compound in which a drug is bonded to a
branched amino acid such as aspartic acid bonded to a polyethylene glycol, through a specific linker to cause a benzyl
elimination reaction.

Patent Document 1: Japanese Patent No. 2694923

Patent Document 2: WO 2004/39869

Patent Document 3: Japanese Patent Application Laid-Open
Publication (Kohyo) No. 2002-508400

Patent Document 4: Japanese Patent Application Laid-Open
Publication (Kohyo) No. 2004-532289

[0005] EP 1 580 216 A1 teaches a high-molecular weight derivative of Camptothecin having a structure wherein a
carboxylic acid group of a copolymer of polyethylene glycol and a polymer having a carboxylic acid group at the side
chain, is combined with a phenolic hydroxyl group of Camptothecin via an ester bond. The phenolic hydroxyl group of
Camptothecin is directly ester-bonded to a carboxylic acid group of a block copolymer without a linker in EP 1 580 216
A1. EP 1 580 216 A1 does not disclose the feature that the carboxy group of the physiologically active substance is
bound to the carboxylic acid group of the block copolymer via a specific linker.

[0006] WO 02/065988 A2 discloses terminally-branched polymeric prodrug platform and more specifically a polymeric
conjugate in which an amino group of a physiologically active substance is bonded to a polymer having a polyethylene
glycol moiety and a single aspartic acid moiety through a specific linker.

[0007] Greenwald R. B. et al describe in "Effective drug delivery by PEGylated drug conjugates" (Advanced Drug
Delivery Reviews, Elsevier BV, Amsterdam, NL, Vol. 55, No. 2, 2003, pages 217 - 250) a polymeric derivative in which
a physiologically active substance having a hydroxy group or an amino group is bound to a polymer via a linker. There
is no description that a physiologically active substance having a carboxy group is bound to a conjugate via a linker in
this document.

[0008] Nakanishi, T. et al describe in "Development of the polymer micelle carrier system for doxorubicin" (J. Control.
Release, Vol. 74, No. 1 - 3, 2001, pages 295 - 302) a polymeric conjugate in which an amino group of doxorubicin is
directly amide-bonded to a carboxylic acid group of a block copolymer without a linker. There is no description that a
physiologically active substance having a carboxy group is bound to a conjugate via a linker in this document. Since the
amide bond is a chemically stable, the conjugate of the above cited document cannot release the drug by the hydrolysis
and the efficacy cannot be obtained.

[0009] EP 2 042 195 A1 teaches a high-molecular weight derivative of Combretastatin having a structure wherein a
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carboxylic acid group of a copolymer of polyethylene glycol and a polymer having a carboxylic acid group at the side
chain, is combined with a phenolic hydroxyl group of Combretastatin via an ester bond. The phenolic hydroxyl group of
Combretastatin is directly ester-bonded to a carboxylic acid group of a block copolymer without a linker in EP 2 042 195
A1. EP 2 042 195 A1 does not disclose the feature that the carboxy group of the physiologically active substance is
bound to the carboxylic acid group of the block copolymer via a specific linker.

[0010] EP 1401473B1 disclosesthereaction between the chloroacetate ester of 4- hydroxymethyl-2,6-dimethylphenol
(compound 14i) and retinoid acid (compound 14ii) and the reaction occurs between the hydroxymethyl group of compound
14i and the carboxy group of compound 14ii. However, EP 1 401 473 B1 does not disclose the feature that the carboxy
group of the physiologically active substance is bound to the carboxylic acid group of the block copolymer via a specific
linker.

Disclosure of the Invention
Problems to be Solved by the Invention

[0011] In the case of the doxorubicin conjugate disclosed in Patent Document 1, a block copolymer and doxorubicin
are directly bonded through an amide bond. However, the amide bond is a chemically stable bonding mode, and therefore
the efficacy of such a conjugate is questionable since the in vivo release of the drug by the hydrolysis is very slow.

In fact, as a Comparative Example in Examples of the specification of the present application, the antitumor effect was
measured when doxorubicin was bonded directly to a block copolymer to find rarely discernible antitumor activity.
[0012] In a high-molecular weight derivative of camptothecins disclosed in Patent Document 2, the bonded drugs are
sustainably released by selecting drugs having a phenolic hydroxyl group exhibiting a higher hydrolysis reactivity than
ordinary phenolic hydroxyl groups and forming an ester of the phenolic hydroxyl group with a carboxylic acid group of
polyglutamic acid. However, this method cannot be applied to drugs having an amino group or a carboxy group.
[0013] In order to release a drug from a high-molecular weight conjugate disclosed in Patent Document 3, a bond
between a polyethylene glycol and a linker needs to be degraded by hydrolyzing enzymes in the body. However, such
hydrolyzing enzymes in the body are known to greatly vary not only among species but also among individuals even in
the same species, and therefore there is also a concern that the effect of the drug release from the conjugate would be
greatly different among individuals when the cleavage of the bond to the drug is dependent on the hydrolyzing enzymes.
[0014] A high-molecular weight conjugate disclosed in Patent Document 4 includes aspartic acid as a part of a block
copolymer, and a linker is bonded to the aspartic acid. However, the bond between the aspartic acid and the linker of
the high-molecular weight conjugate needs to be hydrolyzed by hydrolyzing enzymes in the body as in Patent Document
3, and therefore there is also a concern that release of the drug may vary among species as well as among individuals.
The high-molecular weight conjugate disclosed in Patent Document 4 does not form a micelle, and then if the amount
of the drug carried on the conjugate is increased, the water solubility may not be maintained.

Means for Solving the Problems

[0015] As a result of intensive and extensive studies on a solution for the aforementioned problems, the present
inventors have found that a compound in which a residue of a physiologically active substance having a carboxy group
or a residue of a physiologically active substance having an amino group is bonded to a side chain carboxy group of a
block copolymer having a polyethylene glycol moiety and a polyaspartic acid moiety or a polyglutamic acid moiety through
aspecificlinker to cause a benzyl elimination reaction canrelease the physiologically active substance under physiological
conditions without depending on hydrolyzing enzymes. This finding leads to the completion of the present invention. In
the compound, the polyaspartic acid or the polyglutamic acid may presumably form a 5- or 6-membered cyclic imide
structure under physiological conditions, whereby an ester bond may be cleaved, and then, the benzyl elimination
reaction proceeds to release the physiologically active substance.

[0016] Specifically, the present invention relates to the following (1) to (15):

(1) A high-molecular weight conjugate of physiologically active substances, comprising a structure in which a side
chain carboxy group of a block copolymer having a polyethylene glycol moiety and a polyaspartic acid moiety or a

polyglutamic acid moiety is bonded to a substituent represented by the general formula (1):

-Ar-CR15R16-0-C(=0)-A (1)

wherein Ar is represented by one of the following formulae:
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RS and R'6 represent a hydrogen atom; and O-C(=0)-A represents a residue of the physiologically active
substance having a carboxy group, wherein the conjugate is represented by the general formula (II):

CO,R*
R1-0-(CH,CH,0),-R%-[(NHCOCH)4-(NHCOCH,CH),-(NHCOCH); - (II)
CH,CO,R* CH,COR®
COR?® CO,H

(NHCOCH,CH)4-(NHCOCH);,-(NHCOCH,CH);-(NCOCH)J-NHR?

CH,CO,H COCH;

wherein R represents a hydrogen atom or a (C1 to C6) alkyl group; R? represents a linkage group; R3
represents a hydrogen atom or a (C1 to C6) acyl group; R4 represents a substituent represented by the
general formula (ll1):

-Ar'-CR17R18-0-C(=0)-A D)

wherein Arl is represented by one of the following formulae:

P
Ter 1)
o, /\‘

R17 and R8 represent a hydrogen atom; and O-C(=0)-A represents a residue of the physiologically active
substance having a carboxy group;

RS represents a substituent selected from the group consisting of a hydroxymethylphenoxy group optionally
having a substituent, a (C1 to C30) alkoxy group, a (C1 to C30) aralkyloxy group, a (C1 to C30) alkylamino
group, a di(C1 to C30) alkylamino group, an amino acid with a protected carboxy group, and -NR6CONHR?
wherein R8 and R7, which may be the same or different from each other, represent a (C3 to C6) cyclic alkyl
group or a (C1 to C5) alkyl group which may be substituted with a tertiary amino group; a represents an
integer of 5 to 11,500; d, e, f, g, h, i and j each represent an integer of 0 to 200; d+e represents an integer
of 1 to 200; and d+e+f+g+h+i+j represents an integer of 2 to 200; and respective units of the polyaspartic
acid are bonded in any order,

or wherein the conjugate is represented by the general formula (1V):
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R8-0-(CH,CH,0),-R°-{(NHCOCH),(NHCOCH),,-(NHCOCH),)-NHR® (V)

(o) OR" 0O R1Z O OH

wherein R8represents a hydrogen atom or a (C1 to C6) alkyl group; R® represents alinkage group; R0 represents
ahydrogen atom or a (C1to C6) acyl group; R represents a substituent represented by the general formula (V):

-Ar2-CR19R20-0-C(=0)-A (V)

wherein Ar2 is represented by one of the following formulae:

P
Ter 1)
o, /\‘

R19 and R20 represent a hydrogen atom; and O-C(=0)-A represents a residue of the physiologically active
substance having a carboxy group;

R12 represents a substituent selected from the group consisting of a hydroxymethylphenoxy group optionally
having a substituent, a (C1 to C30) alkoxy group, a (C1 to C30) aralkyloxy group, a (C1 to C30) alkylamino
group, a di(C1 to C30) alkylamino group, an amino acid with a protected carboxy group, and -NR13CONHR14
wherein R'3 and R4, which may be the same or different from each other, represent a (C3 to C6) cyclic alkyl
group or a (C1 to C5) alkyl group which may be substituted with a tertiary amino group; b represents an integer
of 5 to 11,500; k represents an integer of 1 to 200; m and n each represent an integer of 0 to 200; and k+m+n
represents an integer of 2 to 200; and respective units of the polyglutamic acid are bonded in any order. (2)
The high-molecular weight conjugate of physiologically active substances according to (1) above, wherein R!
is a (C1 to C3) alkyl group; R2 is a (C2 to C6) alkylene group; R3 is a (C1 to C3) acyl group; Ar' in the general
formula (Ill) as R% is a phenyl group in which the bond of Ar! with a polymer is present in the ortho or para
position to the bond with CR17R18; and a is an integer of 100 to 300; d, €, f, g, h, i and j are each an integer of
0to 100; d + e is aninteger of 1t0 100; andd+e +f+ g+ h +i+jis an integer of 6 to 100.

.
r

(3) The high-molecular weight conjugate of physiologically active substances according to (2) above, wherein R1 is
a methyl group; R2 is a trimethylene group; R3 is an acetyl group; and R5 is -NR6CONHR? wherein R® and R7 are
both a cyclohexyl group or an isopropyl group.

(4) The high-molecular weight conjugate of physiologically active substances according to (1) above, wherein R8 is
a (C1to C3) alkyl group; R%is a (C2 to C6) alkylene group; R'%is a (C1 to C3) acyl group; Ar2in the general formula
(V) as R is a phenyl group in which the bond of Ar2 with a polymer is present in the ortho or para position to the
bond with CR19R20; and b is an integer of 100 to 300; k represents an integer of 1 to 90; m and n each represent
an integer of 0 to 90; and k + m + n is an integer of 6 to 90.

(5) The high-molecular weight conjugate of physiologically active substances according to (4) above, wherein R8 is
a methyl group; R9 is a trimethylene group; R10 is an acetyl group; and R12 is -NR13CONHR'4 wherein R'3 and R14
are both a cyclohexyl group or an isopropyl group.

(6) A high-molecular weight conjugate of physiologically active substances, obtained by ester-bonding a side chain
carboxy group of a block copolymer having a polyethylene glycol moiety and a polyaspartic acid moiety or a poly-
glutamic acid moiety to a phenolic hydroxyl group of a hydroxybenzyl alcohol compound, and bonding an alcoholic
hydroxyl group of the resultant ester compound to a carboxy group of the physiologically active substance having
the carboxy group.

(7) The high-molecular weight conjugate of physiologically active substances according to (1) above, wherein the
physiologically active substance is an anticancer agent.

(8) The high-molecular conjugate of physiologically active substances according to (1) above, wherein the physio-
logically active substance is a physiologically active peptide.

(9) The high-molecular conjugate of physiologically active substances according to (8) above, wherein the physio-
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logically active peptide is bestatin.

(10) The high-molecular conjugate of physiologically active substances according to (1) above, wherein the physi-
ologically active substance is an anti-inflammatory agent.

(11) The high-molecular conjugate of physiologically active substances according to (1) above, wherein the physi-
ologically active substance having a carboxy group is indomethacin, etodolac, mefenamic acid, diclofenac, flurbi-
profen, ibuprofen, methotrexate and DMXAA.

(12) The high-molecular conjugate of physiologically active substances according to (1) above, wherein the high-
molecular weight forms a micelle in water.

(13) A pharmaceutical product comprising a high-molecular conjugate of physiologically active substances according
to (1) above as an active ingredient.

(14) An anticancer agent comprising a high-molecular conjugate of physiologically active substances according to
(7) above as an active ingredient.

(15) An anti-inflammatory agent comprising a high-molecular conjugate of physiologically active substances accord-
ing to (10) above as an active ingredient.

Effects of the Invention

[0017] The high-molecular weight conjugate of physiologically active substances according to the present invention
is a compound in which a residue of the physiologically active substance having a carboxy group is bonded to a side
chain carboxy group of a block copolymer having a polyethylene glycol moiety and a polyaspartic acid moiety or a
polyglutamic acid moiety through a specific linker to cause a benzyl elimination reaction. As being capable of releasing
the physiologically active substance under physiological conditions without depending on hydrolyzing enzymes in the
body, the high-molecular weight conjugate of the present invention is expected to achieve efficacious therapeutic effects
of the physiologically active substance without being affected by differences among individuals. Furthermore, the release
rate can be regulated suitably by using polyaspartic acid or polyglutamic acid which can be selected in accordance with
the physiologically active substances.

Best Mode for Carrying Out the Invention
[0018] Inthe high-molecular weight conjugate of physiologically active substances according to the present disclosure,
a side chain carboxy group of a block copolymer having a polyethylene glycol moiety and a polyaspartic acid moiety or
a polyglutamic acid moiety is bonded to a substituent represented by the general formula (1):

-Ar-CR15R16-0-C(=0)-A 0]

wherein Ar
is represented by one of the following formulae:

T o dh
Qﬁr [
& i o ey

: R15 and R16 independently represent a hydrogen atom or a (C1 to C6) alkyl group optionally having a substituent;
and A represents a residue of the physiologically active substance having a carboxy group or a residue of the
physiologically active substance having an amino group.

[0019] The block copolymer having a polyethylene glycol moiety and a polyaspartic acid moiety or a polyglutamic acid
moiety in the high-molecular weight conjugate of physiologically active substances according to the present disclosure
is preferably formed by bonding a polyethylene glycol moiety to a polymer in which aspartic acid or glutamic acid or a
derivative thereof forms a polymer backbone through amido bonds and which has carboxy groups in the side chain.
[0020] Inthe general formula (1), Ar includes aromatic hydrocarbon groups optionally having a substituent, or aromatic
heterocyclic groups optionally having a substituent, and the substituents include a (C1 to C6) alkyl group, a (C1 to C6)
alkoxy group, a nitro group and a halogen atom, and examples thereof include a methyl group, an ethyl group, a tert-
butyl group, a methoxy group and a bromine atom. The number of substituents and the substitution positions of the
substituents are not particularly limited.

[0021] Above all, examples of -Ar- include the following groups.
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wherein N represents a nitrogen atom; and J represents an oxygen atom or a sulfur atom. According to the invention,
-Ar- is represented by the following groups which are unsubstituted phenyl groups.

JOUD e

[0022] Inthe generalformula (I), R15and R'6independently include a hydrogen atom or a (C1-C6) alkyl group optionally
having a substituent, and examples of "the (C1-C6) alkyl group optionally having a substituent" include a methyl group,
an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an s-butyl group, an isobutyl group, an n-pentyl
group and an n-hexyl group. Examples of substituents in "the (C1-C6) alkyl group optionally having a substituent" include
anamino group, a methylamino group, adimethylamino group, an ethylamino group and a diethylamino group. Preferably,
RS and R16 are both a hydrogen atom.

[0023] In one aspect of the disclosure, in the general formula (1), AH (H is a hydrogen atom) refers to a physiologically
active substance having an amino group and is not particularly limited. However, in a preferable high-molecular weight
conjugate, an amino group of the physiologically active substance having the amino group is bonded through a carbonyl
group to an alcoholic hydroxyl group of a hydroxybenzyl alcohol compound which is bonded to a side chain carboxy
group of a block copolymer having a polyethylene glycol moiety and a polyaspartic acid moiety or a polyglutamic acid
moiety. Therefore the physiologically active substance is preferably a physiologically active substance having a primary
or secondary amino group.

[0024] Examples of the physiologically active substance having an amino group (reference) include anthracycline-
based anticancer agents and cytidine-based anticancer agents. Particularly preferred aspects of the disclosure are
doxorubicin, daunorubicin, epirubicin, pirarubicin, amrubicin, ethynyl cytidine, CNDAC (2’-cyano-2’-deoxy-1-f-D-arab-
inofuranosyl cytosine), gemcitabine and the like.

Doxorubicin

0 OH 0
oH
LI o
0 OH i

MeO

)

Ho'NHe
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Daunorubicin

Amrubicin

[0025] The physiologically active substance in the general formula (I) may be physiologically active peptides. Using
an amino group (reference) or a carboxy group at the terminals of the peptides or at other positions in the peptides,
high-molecular weight conjugates carrying the peptides can be prepared. Despite their useful physiological activity in
vitro, many of the peptides may not exhibit the effects in vivo because they may rapidly be degraded by hydrolyzing
enzymes or other enzymes in vivo. Such peptides are expected to exhibit their effects even in vivo by being incorporated
into the high-molecular weight conjugate according to the present invention.

[0026] Examples of the peptides include bestatin and bestatin methyl ester shown below, and Glufanide, Ghrelin,
Tertomotide, PR1, Octreotide, Lanreotide and Pasireotide.
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Bestatin

NH, O /[ij
OH

N

H

Bestatin methyl ester

NH, O
OMe
N
H
OH e}

[0027] According to the invention, in the general formula (1), the residue of a physiologically active substance having
a carboxy group as A means that the formula "HO-C(=0)-A" represents the physiologically active substance. The phys-
iologically active substance includes, but is not particularly limited to, nonsteroidal anti-inflammatory agents and anti-
cancer agents, such as, for example, indomethacin, etodolac, mefenamic acid, diclofenac, flurbiprofen, ibuprofen, meth-
otrexate and DMXAA.

Indomethacin

MeO { :]\—/[l COyH
N Me
Aol
Cl

Etodolac
| o)
N
H
CO,H
DXMAA
Me I O l
Me
CO,H

[0028] The high-molecular weight conjugate of physiologically active substances according to the present disclosure
is preferably a compound represented by the aforementioned general formula (Il), wherein R represents a hydrogen
atom ora (C1 to C6) alkyl group; R? represents a linkage group; R3 represents a hydrogen atom ora (C1 to C6) acyl group;

R4 represents a substituent represented by the general formula (l1l):
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-Ar'-CR17R18-0-C(=0)-A ()

wherein
is represented by one of the following formulae:

P
Ter 1)
o, /\‘

R17 and R18 independently represent a hydrogen atom or a (C1 to C6) alkyl group optionally having a substituent;
and A represents a residue of the physiologically active substance having a carboxy group or a residue of the
physiologically active substance having an amino group;

RS represents a substituent selected from the group consisting of a hydroxymethylphenoxy group optionally having
a substituent, a (C1 to C30) alkoxy group, a (C1 to C30) aralkyloxy group, a (C1 to C30) alkylamino group, a di(C1
to C30) alkylamino group, an amino acid with a protected carboxy group, and -NR6CONHR? wherein R® and R?,
which may be the same or different from each other, represent a (C3 to C6) cyclic alkyl group or a (C1 to C5) alkyl
group which may be substituted with a tertiary amino group; and a represents an integer of 5 to 11,500; d, e, f, g,
h, i and j each represent an integer of 0 to 200; d + e represents an integer of 1t0 200;andd+e +f+g+h+i+j
represents an integer of 2 to 200.

.
r

[0029] The (C1 to C6) alkyl group in R in the general formula (l1) includes (C1 to C6) straight chain or branched alkyl
groups, and preferred are (C1 to C4) alkyl groups, including, for example, a methyl group, an ethyl group, an n-propyl
group and an n-butyl group. Particularly preferred is a methyl group.

[0030] The linkage group as R2 in the general formula (ll) is preferably a (C2 to C6) alkylene group, including, for
example, an ethylene group, a trimethylene group and a tetramethylene group. A trimethylene group is particularly
preferred.

[0031] The (C1 to C6) acyl group as R3 in the general formula (1), not particularly limited, preferably includes (C1 to
C3) acyl groups, including a formyl group, an acetyl group and an n-propionyl group. An acetyl group is particularly
preferred.

[0032] The Ar! in the general formula (lll) as R4 in the general formula (ll) includes the same groups as Ar in the
aforementioned general formula (1), and preferable groups thereof are also the same.

[0033] The R'7 and R'8 in the general formula (Ill) as R4 in the general formula (ll) include the same groups as the
R and R16 in the aforementioned general formula (1), and preferable groups thereof are similarly a hydrogen atom.
[0034] The group A in the general formula (lll) as R4 in the general formula (ll) includes the same compounds as A in
the aforementioned general formula (1), and preferable compounds thereof are also the same.

[0035] The RS in the general formula (lI) represents a group selected from the group consisting of a hydroxymethyl-
phenoxy group optionally having a substituent, a (C1 to C30) alkoxy group, a (C1 to C30) aralkyloxy group, a (C1 to
C30) alkylamino group, a di(C1 to C30) alkylamino group, an amino acid with a protected carboxy group, and -
NRBCONHR? wherein R® and R”, which may be the same or different from each other, represent a (C3 to C6) cyclic
alkyl group or a (C1 to C5) alkyl group which may be substituted with a tertiary amino group. The groups selected as
RS in the general formula (Il) may be the same or different in one molecule, and a block copolymer used in the high-
molecular weight conjugate according to the present invention may include a single-type R5 or may exist as a mixture
of compounds having different substituents as RS in each molecule.

[0036] Examples of the hydroxymethylphenoxy group which optionally having a substituent include a 4-hydroxymeth-
ylphenoxy group, a 2-hydroxymethylphenoxy group, a 4-hydroxymethyl-2-methoxyphenoxy group, a 4-hydroxymethyl-
2,6-dimethoxyphenoxy group, a 4-hydroxymethyl-2,6-di-tert-butylphenoxy group, a 2-hydroxymethyl-4-nitrophenoxy
group, a 2-hydroxymethyl-6-methoxyphenoxy group and a 2-hydroxymethyl-4-bromophenoxy group. A 4-hydroxymeth-
ylphenoxy group, and a 2-hydroxymethylphenoxy group are preferred.

[0037] The (C1 to C30) alkoxy group includes straight-chain or branched (C1 to C30) alkoxy groups, and preferred is
a straight-chain or branched (C1 to C10) alkoxy group, including a methoxy group, an ethoxy group, an n-propoxy group,
an i-propoxy group, an n-butoxy group and a t-butoxy group. Examples of the (C1 to C30) aralkyloxy group include
straight-chain or branched (C1 to C30) aralkyloxy groups, and preferred is a straight-chain or branched (C1 to C12)
aralkyloxy groups, including a 4-phenylbutoxy group.

[0038] Examples of the (C1 to C30) alkylamino group or the di(C1 to C30) alkylamino group include straight-chain or
branched (C1 to C30) alkylamino groups or a straight-chain or branched di(C1 to C30) alkylamino groups, and preferred
is a straight-chain or branched (C1 to C20) alkylamino group or straight-chain or branched di(C1 to C20) alkylamino
groups, including a methylamino group, an ethylamino group, an n-propylamino group, an i-propylamino group, an n-
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butylamino group, a t-butylamino group, a dimethylamino group, a diethylamino group and a di(n-butyl)amino group.
[0039] Examples of the amino acid with a protected carboxy group include an amino acid generally used in peptide
synthesis, in which a carboxyl group is protected, including, for example, a phenylalanine benzyl ester.

[0040] Examples of the group -NR6CONHRY? as RS in the general formula (Il) wherein R and R7, which may be the
same or different, represent a (C3 to C6) cyclic alkyl group or a (C1 to C5) alkyl group which may be substituted with a
tertiary amino group, include, but are not particularly limited to, for example a cyclohexylaminocarbonyl-cyclohexylamino
group and an isopropylaminocarbonylisopropylamino group.

[0041] The polyaspartic acid moiety in the high-molecular weight conjugate of physiologically active substances rep-
resented by the aforementioned general formula (1) according to the present disclosure includes constituting units of a-
amino acid type, B-amino acid type and cyclized type. These constituting units may be bonded in any order without any
particular limitation, and each type of the amino acids may be bonded to form a block-type form or a random-type form.
[0042] The total number of aspartic acid in the polyaspartic acid moiety in the high-molecular weight conjugate of
physiologically active substances represented by the aforementioned general formula (ll) is represented by "d + e + f +
g+ h+i+j". The total number of aspartic acids may be determined, for example, based on the amount of aspartic acid
derivatives used in the preparation of the block copolymer and is about 2 to 200, preferably about 6 to 100, more
preferably about 15 to 90.

[0043] The proportion of the number of aspartic acid residues bonded to the physiologically active substance (d + €)
based on the total number of aspartic acid (d +e +f+g+h +i+j)is 1 to 100%, preferably 1 to 90%, more preferably
2 to 60%. In addition, the number of aspartic acid residues (d + e) is about 1 to 200, preferably about 1 to 100, more
preferably about 1 to 90.

[0044] The proportion of the a-amino acid type (d +f + h) based on the total number of aspartic acid residues (d + e
+f+g+h+i+j)is 10 to 100%, preferably 20 to 100%. The proportion of the f-amino acid type (e + g + i) is 0 to 90%,
preferably 0 to 80%. The proportions can appropriately be changed, for example, by suitably selecting a deprotection
condition for a protecting group in the polyaspartic acid.

[0045] The molecular weight of the polyethylene glycol moiety in the aforementioned general formula (1) is about 300
to 500,000, preferably about 500 to 100,000, more preferably about 1,000 to 50,000. "a" in the aforementioned general
formula (ll) is an integer of about 5 to 11,500, preferably an integer of about 8 to 2,300, more preferably an integer of
about 100 to 300.

[0046] Also preferred as the high-molecular weight conjugate of physiologically active substances according to the
present disclosure is a compound represented by the aforementioned general formula (IV) wherein R8 represents a
hydrogen atom or a (C1 to C6) alkyl group;

RO represents a linkage group; R10 represents a hydrogen atom or a (C1 to C6) acyl group;
R represents a substituent represented by the general formula (V):

-Ar2-CR19R20-0-C(=0)-A (V)

wherein Ar2
is represented by one of the following formulae:

P
Ter 1)
o, /\‘

R19 and R20 independently represent a hydrogen atom or a (C1 to C6) alkyl group optionally a substituent; and A
represents aresidue of the physiologically active substance having a carboxy group or a residue of the physiologically
active substance having an amino group;

R12 represents a substituent selected from the group consisting of a hydroxymethylphenoxy group optionally having
a substituent, a (C1 to C30) alkoxy group, a (C1 to C30) aralkyloxy group, a (C1 to C30) alkylamino group, a di(C1
to C30) alkylamino group, an amino acid with a protected carboxy group, and -NR'3CONHR'4 wherein R13 and
R14, which may be the same or different from each other, represent a (C3 to C6) cyclic alkyl group or a (C1 to C5)
alkyl group which may be substituted with a tertiary amino group; and b represents an integer of 5 to 11,500; k
represents an integer of 1 to 200; m and n each represent an integer of 0 to 200, and k + m + n represents an integer
of 2 to 200.

[0047] The (C1 to C6) alkyl group as R8 in the general formula (IV) includes the same groups as in R1 in the afore-

mentioned general formula (I1), and preferable groups thereof are the same, and a methyl group is particularly preferred.
[0048] The linkage group as R in the general formula (IV) is preferably a (C2 to C6) alkylene group, and examples
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thereof include an ethylene group, a trimethylene group and a tetramethylene group. Above all, a trimethylene group is
particularly preferred.

[0049] The (C1 to C6) acyl group as R0 in the general formula (IV) includes the same groups as in R3 in the afore-
mentioned general formula (Il), and preferable groups thereof are the same, and an acetyl group is particularly preferred.
[0050] Ar2in the general formula (V) as R'! in the general formula (V) includes the same groups as Ar in the afore-
mentioned general formula (1), and preferable groups thereof are the same.

[0051] The R'® and R20in the general formula (V) as R in the general formula (IV) include the same groups as R15
and R16 in the aforementioned general formula (1), and a preferable group thereof is similarly a hydrogen atom.

[0052] "A"in the general formula (V) as R in the general formula (V) includes the same compounds as A in the
aforementioned general formula (1), and preferable compounds thereof are also the same.

[0053] The R'2in the general formula (IV) represents a group selected from the group consisting of a hydroxymeth-
ylphenoxy group optionally having a substituent, a (C1 to C30) alkoxy group, a (C1 to C30) aralkyloxy group, a (C1 to
C30) alkylamino group, a di(C1 to C30) alkylamino group, an amino acid with a protected carboxy group, and -
NR13CONHR'4 wherein R'3 and R4, which may be the same or different from each other, represent a (C3 to C6) cyclic
alkyl group or a (C1 to C5) alkyl group which may be substituted with a tertiary amino group. The groups selected as
R12in the general formula (IV) may be the same or different in one molecule, and a block copolymer used in the high-
molecular weight conjugate according to the present invention may include a single-type R12 or may exist as a mixture
of compounds having different substituents as R12 in each molecule.

[0054] The hydroxymethylphenoxy group optionally having a substituentincludes the same groups as the hydroxymeth-
ylphenoxy group which may have a substituent in RS in the aforementioned general formula (Il), and preferable groups
thereof are the same.

[0055] The (C1 to C30) alkoxy group, the (C1 to C30) aralkyloxy group, the (C1 to C30) alkylamino group and the
di(C1 to C30) alkylamino group as R'2 in the general formula (IV) include the same groups as the (C1 to C30) alkoxy
group, the (C1 to C30) aralkyloxy group, the (C1 to C30) alkylamino group and the di(C1 to C30) alkylamino group as
RS in the aforementioned general formula (Il).

[0056] The amino acid with a protected carboxy group for R12 in the general formula (IV) includes amino acids having
a carboxy group protected, used in the common peptide synthesis, and examples thereof include phenylalanine benzyl
ester.

[0057] The group -NR13CONHR'4 wherein R'3 and R4, which may be the same or different from each other, represent
a (C3 to C6) cyclic alkyl group or a (C1 to C5) alkyl group which may be substituted with a tertiary amino group, for R12
in the general formula (V) includes the same groups as the - NR8CONHR? as R® in the general formula (1), and preferable
groups thereof are also the same.

[0058] The total number ofglutamic acid residues of the polyglutamic acid moiety in the high-molecular weight conjugate
of physiologically active substances represented by the aforementioned general formula (V) according to the present
invention is represented by k + m + n and is about 2 to 200, preferably about 6 to 90, more preferably 6 to 60.

[0059] The proportion of the number of glutamic acid residues (k) to which the physiologically active substance is
bonded on the basis of the total number of glutamic acid residues (k + m + n) is 1 to 100%, preferably 3 to 90%, more
preferably 4 to 60%. The number of glutamic acid residues (k) is 1 to 200, preferably about 1 to 90, more preferably
about 2 to 30.

[0060] Each constituting units of the glutamic acid moiety in the high-molecular weight conjugate of physiologically
active substances represented by the aforementioned general formula (IV) may be bonded in any order, and amino
acids of each type may be bonded to form a block-type form or a random-type form.

[0061] "b"in the aforementioned general formula (1V) is an integer of about 5 to 11,500, preferably an integer of about
8 to 2,300, more preferably an integer of about 100 to 300.

[0062] The molecular weight of the polyethylene glycol moiety in the aforementioned general formula (IV) is about
300 to 500,000, preferably about 500 to 100,000, more preferably about 1,000 to 50,000.

[0063] The molecular weight of the high-molecular weight conjugate of physiologically active substances according
to the present invention is about 500 to 600,000, preferably about 600 to 110,000, more preferably about 1,100 to 80,000.
According to the present invention, the term "molecular weight" refers to a weight average molecular weight determined
by the GPC method.

[0064] The high-molecular weight conjugate of physiologically active substances according to the present invention
may form a micelle having a polyethylene glycol moiety as the outer shell in water.

[0065] The high-molecular weight conjugate of physiologically active substances according to the present disclosure
is obtained by ester-bonding a side chain carboxy group of a block copolymer having a polyethylene glycol moiety and
apolyaspartic acid moiety or a polyglutamic acid moiety to a phenolic hydroxyl group of a hydroxybenzyl alcohol compound
having an alcoholic hydroxyl group protected by using a dehydrating condensation agent in an organic solvent to form
an ester compound, and deprotecting the protecting group, and then, bonding the alcoholic hydroxyl group of the ester
compound to a carboxy group of the physiologically active substance having the carboxy group or bonding the alcoholic
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hydroxyl group of the ester compound to an amino group of the physiologically active substance having the amino group
through a carbonyl group. The manufacturing method of the high-molecular weight conjugate according to the present
invention is also included in the present disclosure. An intermediate to which the hydroxybenzyl alcohol compound is
bonded is also included in the present disclosure. That is, the high-molecular weight conjugate of the present invention
is obtained by a method described below. For example, a block copolymer of a polyethylene glycol moiety and a pol-
yaspartic acid prepared according to the method disclosed in Japanese Patent No. 3268913 and a hydroxybenzyl alcohol
compound in which an alcoholic hydroxyl group and functional groups other than phenolic hydroxyl groups are protected
as necessary are subjected to a reaction using a dehydrating condensation agent such as dicyclohexylcarbodiimide
(DCC), diisopropylcarbodiimide (DIPC), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride salt (WSC) and
1-ethoxycarbonyl-2- ethoxy-1,2-dihydroxyquinolinone (EEDQ) at a temperature of 0 to 180°C, preferably 5 to 50°C in
an organic solventin which both of the block copolymer and the hydroxybenzyl alcohol compound are dissolved, preferably
in an aprotic polar solvent such as N,N- dimehtylformamide (DMF), 1,3-dimethyl-2-imidazolidinone (DMI) and N-meth-
ylpyrrolidone (NMP). In the case where a physiologically active substance having a carboxy group (according to the
invention) is bonded thereafter, the protecting group of the alcoholic hydroxyl group at the benzyl-position is deprotected,
and then, the alcoholic hydroxyl group at the benzyl-position is ester-bonded to the carboxy group of the physiologically
active substance in which functional groups other than the carboxy group have been protected as necessary by using
the aforementioned dehydrating condensation agent in the aforementioned solvent, and the protecting groups are de-
protected as necessary. In the case where a physiologically active substance having an amino group (reference) is
bonded, the protecting group of the alcoholic hydroxyl group at the benzyl-position is deprotected, and thereafter, the
alcoholic hydroxyl group at the benzyl-position is condensed through a carbonyl group with the amino group of the
physiologically active substance in which functional groups other than the amino group have been protected as necessary
by using disuccinyl carbonate, carbonyldiimidazole or the like in the aforementioned solvent at 0 to 30°C, and the
protecting groups are deprotected as necessary.

[0066] Inthe manufacturing method of the present disclosure, for example, a block copolymer of a polyethylene glycol
moiety and a polyglutamic acid prepared by the method according to Japanese Patent Laid-Open (Kokai) No. 5-955
may be used in place of the aforementioned block copolymer of a polyethylene glycol moiety and a polyaspartic acid.
[0067] In the condensation reaction, a reaction aid such as N,N-dimethylaminopyridine (DMAP) may be used.
[0068] In addition, a high-molecular weight conjugate of physiologically active substances in which RS in the general
formula (I1) is the group -NR6CONHR? wherein R® and R7, which may be the same or different from each other, represent
a (C3 to C6) cyclic alkyl group or a (C1 to C5) alkyl group which may be substituted with a tertiary amino group, or a
high-molecular weight conjugate of a physiologically active substance in which R12 in the general formula (IV) is the
group -NR3CONHR'4 wherein R13 and R4, which may be the same or different from each other, represent a (C3 to
C6) cyclic alkyl group or a (C1 to C5) alkyl group which may be substituted with a tertiary amino group may also be
obtained by a reaction using the aforementioned carbodiimides as a condensation agent.

[0069] As a method for manufacturing a compound represented by the general formula (1) or (IV) in which RS or R12
in the compound is a (C1 to C30) alkoxy group, a (C1 to C30) aralkyloxy group, a (C1 to C30) alkylamino group, a di(C1
to C30) alkylamino group or an amino acid with a protected carboxy group, there can be mentioned a method in which
a carboxy group of the block copolymer is first activated by a method used in an ordinary condensation reaction, and
then reacted with a corresponding alcohol, a corresponding amine, a corresponding amino acid with a protected carboxy
group in an amount to be introduced under basic conditions; and a method in which a corresponding alcohol, a corre-
sponding amine, a corresponding amino acid with a protected carboxy group is first activated by a method used in an
ordinary condensation reaction, and is then reacted with a polymer.

[0070] Itis also possible to re-activate any unreacted carboxy groups remained after the bonding of the hydroxybenzyl
alcohol compound in a similar reaction, and then to introduce into the re-activated carboxy groups a (C1 to C30) alkoxy
group, a (C1 to C30) aralkyloxy group, a (C1 to C30) alkylamino group, a di(C1 to C30) alkylamino group, an amino acid
with a protected carboxy group. Alternatively, different alcohols, amines and the like may be repeatedly reacted to
synthesize a mixture of compounds having various substituents as the RS or the R12, with which the hydroxybenzyl
alcohol compound may subsequently be condensed.

[0071] However, the method for manufacturing the high-molecular weight conjugate of physiologically active substanc-
es according to the present invention is not limited to the aforementioned methods.

[0072] The high-molecular weight conjugate of physiologically active substances according to the present invention
can be used as a pharmaceutical product which is indicated for a disease for which the physiologically active substance
carried on the conjugate have an efficacy. Examples of the pharmaceutical products include anticancer agents and anti-
inflammatory agents. The high-molecular weight conjugate according to the present invention can be used in a dosage
form which is conventionally used, including injections, tablets, and powders. For formulation process, pharmaceutically
acceptable carriers which are conventionally used, for example, binding agents, lubricating agents, disintegrating agents,
solvents, vehicles, solubilizing agents, dispersing agents, stabilizing agents, suspending agents, preservatives, soothing
agents, colorants and flavors can also be used.

13



10

15

20

25

30

35

40

45

50

55

EP 2 258 397 B1

[0073] The high-molecular weight conjugate of physiologically active substances according to the present invention
is used preferably as an injection, and usually water, a physiological saline, a 5% glucose or mannitol liquid, a water-
soluble organic solvent (for example, glycerol, ethanol, dimethylsulfoxide, N-methylpyrrolidone, polyethylene glycol,
cremophor, and a mixture thereof) or a mixture of water and the water-soluble organic solvents can be used.

[0074] Thedosage of the high-molecular weight conjugate of physiologically active substances according to the present
invention can vary as a matter of course, depending on the physiologically active substance as well as the sexuality,
ages, physiological conditions, pathological conditions and the like of patients. The conjugate is parenterally administered,
typically at a dose of 0.01 to 500 mg/m?2, preferably 0.1 to 250 mg/m2, as an active ingredient per day in an adult. The
administration by injection is performed intravenously, intraarterially, or into an affected site (a tumor site, an inflammation
site, and the like), for example.

Examples

[0075] Hereinafter, the present invention will be illustrated more specifically with reference to Examples.
[0076] The Gaussian distribution analysis was conducted using a ZetaPotential/Particlesizer NICOMP 380ZLS (man-
ufactured by Particle Sizing Systems Co.).

Example 1

Synthesis of Compound 1 (a phenyl ester conjugate of a block copolymer consisting of a methoxypolyethylene glycol
moiety having a molecular weight of 5,000 and a polyaspartic acid moiety having a polymerization number of 30 and
4-(hydroxymethyl)phenol: in the general formula (lI), R = Me (a methyl group), R2 = a trimethylene group, R3 = Ac (an
acetyl group), R4 = 4-(hydroxymethyl)phenoxy group, RS = an isopropylaminocarbonylisopropylamino group, and d + e
+f+g+h+i+j=30,anda=113)

[0077] A methoxypolyethylene glycol-polyaspartic acid block copolymer (a polymerization number of aspartic acid:
30, 1.0 g) prepared by the method according to Japanese Patent No. 3268913, and 4-(tert-butyldimethylsilanyloxyme-
thyl)-phenol (847 mq) prepared by the method according to Patent Document 4 were dissolved in DMF (8 ml), and DMAP
(43 mg) and DIPC (1.11 ml) were added at 15°C. The mixture was stirred for 20 hours. To the reaction solution, ethanol
(12 ml), ethyl acetate (12 ml) and diisopropyl ether (96 ml) were added, the mixture was stirred at room temperature for
2 hours, and thereafter, a precipitate was collected by filtration and washed with ethanol/diisopropyl ether (1/4 (v/v), 10
ml). The resultant precipitate was dissolved in acetonitrile (15 ml), and then 4N hydrochloric acid/dioxane (0.38 ml) was
added at 0°C, and the mixture was stirred at 0°C for 15 min. To the reaction solution, ethanol (45 ml) and diisopropyl
ether (180 ml) were added, and the mixture was stirred at room temperature for 30 min. The supernatant liquid was
separated, and ethanol/diisopropyl ether (1/4 (v/v), 100 ml) was further added to the residue, and the mixture was stirred
for 15 min. Then the supernatant liquid was again separated, and the residue was dried under reduced pressure to
obtain Compound 1 (880 mg).

[0078] The content of 4-(hydroxymethyl) phenol bonded in Compound 1 was determined by analyzing, by HPLC (high
performance liquid chromatography), 4-(hydroxymethyl)phenol released by adding 1N sodium hydroxide aqueous so-
lution to Compound 1, agitating the solution at 40°C for 1 hour and then adding acetic acid to neutralize the solution. As
a result, the content of 4-(hydroxymethyl)phenol was determined as 9.1% (w/w), and the proportion of d + e based on
d+e+f+g+h+i+jwas22.5%.

[0079] Accordingto this method, an isopropylaminocarbonylisopropylamino group may be added as R5, and an existing
ratio of the group could be determined by TH-NMR (hydrogen nuclear magnetic resonance spectrum) using Compound
1 dissolved in sodium deuteroxide/deuterium oxide/deuterated acetonitrile. The proportion of the isopropylaminocarbo-
nylisopropylamino group in the polyaspartic acid, that is, the proportion of f + gbasedond+e+f+g+h +i+jwas
7.6%. The remaining aspartic acid residues were in the form of a free carboxylic acid (h + i) or a cyclic structure (j).

Example 2

(reference)

Synthesis of Compound 2 (a conjugate of Compound 1 and doxorubicin)

[0080] Compound 1 (500 mg) obtained in Example 1 and disuccinyl carbonate (933 mg) were dissolved in DMF (30
ml), and triethylamine (0.254 ml) was added thereto at 15°C. The mixture was stirred for 20 hours. To the reaction

solution, ethanol (90 ml) and diisopropyl ether (360 ml) were added, and the mixture was stirred at room temperature
for 30 min. The supernatant liquid was separated, and ethanol/diisopropyl ether (1/4 (v/v), 100 ml) was further added to
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the residue, and the mixture was stirred for 15 min. Thereafter, the supernatant liquid was again separated, and then
the residue was dried under reduced pressure. The thus obtained solid was dissolved in DMF (25 ml), and doxorubicin
hydrochloride (116 mg) and triethylamine (0.028 ml) dissolved in DMF (10 ml) were added thereto at 15°C, and the
mixture was stirred for 2 hours. To the reaction solution, ethanol (100 ml) and diisopropyl ether (400 ml) were added,
and the mixture was stirred at room temperature for 1 hour. The supernatant liquid was separated, and ethanol/diisopropyl
ether (1/4 (v/v), 150 ml) was further added to the residue. The mixture was stirred for 15 min. Thereafter, the supernatant
liquid was again separated, and the residue was dried under reduced pressure. The resulting solid was dissolved in
acetonitrile (30 ml) and water (3 ml), and the solution was applied to a column of an ion exchange resin (5 ml of Dowex
50(H*), manufactured by The Dow Chemical Co.) and eluted with acetonitrile/water (10/1 (v/v), 15 ml). To the resulting
elution fraction, water (60 ml) was added, and acetonitrile was then distilled off under reduced pressure, followed by
lyophilization to obtain Compound 2 (564 mg).

[0081] The content of doxorubicin bonded in Compound 2 was determined by analyzing by HPLC (high performance
liquid chromatography) an aglycon (adriamycinone) of doxorubicin released by adding 1N hydrochloric acid (1 ml) to
Compound 2 (3.38 mg) and agitating the mixture at 40°C for 1 hour, and comparing the analysis result with a calibration
curve of the aglycon obtained by subjecting doxorubicin to the same treatment. As a result, the content of doxorubicin
bonded was determined as 11.5% (w/w). In Compound 2, no free doxorubicin was detected.

[0082] Gaussian distribution analysis using an aqueous solution of Compound 2 (1 mg/ml) revealed that the average
particle diameter is 23 nm (volume weighting). Therefore, Compound 2 was considered to form micelles in water.

Example 3

Synthesis of Compound 3 (a phenyl ester conjugate of a block copolymer consisting of a methoxypolyethylene glycol
moiety having a molecular weight of 12,000 and a polyglutamic acid moiety having a polymerization number of 23 and
4-(hydroxymethyl)phenol: in the general formula (1V), R8 = Me (a methyl group), R® = a trimethylene group, R10 = Ac

(an acetyl group), R'! = a 4-(hydroxymethyl)phenoxy group, R12 = an isopropylaminocarbonylisopropylamino group, k
+m+n=23 and b =273)

[0083] A methoxypolyethylene glycol-polyglutamic acid block copolymer (a polymerization number of glutamic acid:
23, 1.0g) prepared by the method according to Japanese Patent Laid-Open No. 5-955 and 4-(tert-butyldimethylsilanyloxy-
methyl)phenol (295 mg) prepared by the method according to Patent Document 4 were dissolved in DMF (15 ml), and
DMAP (19 mg) and DIPC (0.485 ml) were added at 27°C. The mixture was stirred at the same temperature for 20 hours.
To the reaction solution, ethanol (23 ml), ethyl acetate (23 ml) and diisopropyl ether (180 ml) were added, and the mixture
was stirred at room temperature for 2 hours. Thereafter, the precipitate was collected by filtration and washed with
ethanol/diisopropyl ether (1/4 (v/v), 20 ml). The resultant precipitate was dissolved in acetonitrile (15 ml), and 4N hydro-
chloric acid/dioxane (0.38 ml) was then added at 0°C. The mixture was stirred for 15 min. To the reaction solution,
ethanol (45 ml) and diisopropyl ether (180 ml) were added, and the mixture was stirred at room temperature for 30 min.
The supernatant liquid was separated, ethanol/diisopropyl ether (1/4 (v/v), 100 ml) was further added to the residue,
and the mixture was stirred for 15 min. Thereafter, the supernatant liquid was again separated, and the residue was
dried under reduced pressure to obtain Compound 3 (1.1 g).

[0084] The content of 4-(hydroxymethyl)phenol bonded in Compound 3 was determined by analyzing by HPLC (high
performance liquid chromatography) 4-(hydroxymethyl)phenol released by adding a 1N sodium hydroxide aqueous
solution to Compound 3, agitating the mixture at 40°C for 1 hour and then adding acetic acid to neutralize the solution.
As a result, the content of 4-(hydroxymethyl)phenol was determined as 9.4% (w/w), and the proportion of k based on k
+ m + n was determined as 53.8%.

[0085] Accordingto this method, an isopropylaminocarbonylisopropylamino group can be added as R12, and an existing
ratio of the group could be determined by 'H-NMR (hydrogen nuclear magnetic resonance spectrum) using Compound
3 dissolved in sodium deuteroxide/deuterium oxide/deuterated acetonitrile. The proportion of the isopropylaminocarbo-
nylisopropylamino group to polyglutamic acid, that is, the proportion of m based on k + m + n was 32.0%. The remaining
glutamic acid residues were in the form of a free carboxylic acid (n).

Example 4 (reference)

Synthesis of Compound 4 (a conjugate of Compound 3 and doxorubicin)

[0086] Compound 3 (500 mg) obtained in Example 3 and disuccinyl carbonate (966 mg) were dissolved in DMF (30
ml), and triethylamine (0.263 ml) was added at 15°C. The mixture was stirred for 20 hours. To the reaction solution,

ethanol (90 ml) and diisopropyl ether (360 ml) were added, and the mixture was stirred at room temperature for 30 min.
The supernatant liquid was separated, ethanol/diisopropyl ether (1/4 (v/v), 100 ml) was further added to the residue,
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and the mixture was stirred for 15 min. Thereafter, the supernatant liquid was again separated, and the residue was
dried under reduced pressure. The resulting solid was dissolved in DMF (25 ml), and doxorubicin hydrochloride (120
mg) and triethylamine (0.029 ml) dissolved in DMF (10 ml) were added at 15°C. The mixture was stirred for 2 hours. To
the reaction solution, ethanol (100 ml) and diisopropyl ether (400 ml) were added, and the mixture was stirred at room
temperature for 1 hour. The supernatant liquid was separated, and ethanol/diisopropyl ether (1/4 (v/v), 150 ml) was
further added to the residue, and the mixture was stirred for 15 min. Thereafter, the supernatant liquid was again
separated, and the residue was dried under reduced pressure. The resulting solid was dissolved in acetonitrile (30 ml)
and water (3 ml), and the resulting solution was applied to a column of an ion exchange resin (5 ml of Dowex 50(H*),
made by The Dow Chemical Co.), and eluted with acetonitrile/water (10/1 (v/v), 15 ml). To the resulting elution fraction,
water (60 ml) was added, and then, acetonitrile was distilled off under reduced pressure. Thereafter, the resultant fraction
was lyophilized to obtain Compound 4 (611 mg).

[0087] The content of doxorubicin bonded in Compound 4 was determined by analyzing by HPLC (high performance
liquid chromatography) an aglycon (adriamycinone) of doxorubicin released by adding 1N hydrochloric acid (1 ml) to
Compound 4 (3.13 mg) and agitating the mixture at 40°C for 1 hour, and comparing the analysis result with a calibration
curve of the aglycon obtained by subjecting doxorubicin to the same treatment. As a result, the content of doxorubicin
bonded was determined as 17.1% (w/w). In Compound 4, no free doxorubicin was detected.

[0088] Gaussian distribution analysis using an aqueous solution of Compound 4 (1 mg/ml) revealed that the average
particle diameter is 43 nm (volume weighting). Therefore, Compound 4 was considered to form micelles in water.

Example 5 (reference)
Synthesis of Compound 5 (a conjugate of Compound 3 and bestatin methyl ester)

[0089] Compound 3 (50 mg) obtained in Example 3 and disuccinyl carbonate (97 mg) were dissolved in DMF (3 ml),
and triethylamine (0.026 ml) was added at 15°C. The mixture was stirred for 20 hours. To the reaction solution, ethanol
(9 ml) and diisopropyl ether (36 ml) were added, and the mixture was stirred at room temperature for 30 min. The
supernatant liquid was separated, ethanol/diisopropyl ether (1/4 (v/v), 10 ml) was further added to the residue, and the
mixture was stirred for 15 min. Thereafter, the supernatant liquid was again separated, and the residue was dried under
reduced pressure. The resulting solid was dissolved in DMF (2 ml), and bestatin methyl ester hydrochloride (8.8 mg)
disclosed in Japanese Patent Laid-Open (Kokai) No. 2001-131066 and triethylamine (0.003 ml) dissolved in DMF (0.5
ml) were added at 15°C. The mixture was stirred for 2 hours. To the reaction solution, ethanol (7.5 ml) and diisopropyl
ether (30 ml) were added, and the mixture was stirred at room temperature for 1 hour. The supernatant liquid was
separated, and ethanol/diisopropyl ether (1/4 (v/v), 10 ml) was further added to the residue. The mixture was stirred for
15 min. Thereafter, the supernatant liquid was again separated, and the residue was dried under reduced pressure. The
resulting solid was dissolved in acetonitrile (5 ml) and water (0.5 ml), and the solution was applied to a column of an ion
exchange resin (1 ml of Dowex 50(H*), manufactured by The Dow Chemical Co.), and eluted with acetonitrile/water
(10/1 (v/v), 3 ml). To the resulting elution fraction, water (6 ml) was added, and then, acetonitrile was distilled off under
reduced pressure. Thereafter, the resulting fraction was lyophilized to obtain Compound 5 (55 mg).

[0090] The content of bestatin methyl ester bonded in Compound 5 was determined by analyzing by HPLC (high
performance liquid chromatography) bestatin methyl ester released by dissolving Compound 5 (4.89 mg) in a 1 mol/l
sodium methoxide methanol solution (1 ml) and allowing a reaction at room temperature for 1 hour, and then comparing
the analysis result with a calibration curve of bestatin methyl ester. As a result, the content of bestatin methyl ester
bonded was determined as 14.6% (w/w). In Compound 5, no free bestatin methyl ester was detected.

[0091] Gaussian distribution analysis using an aqueous solution of Compound 5 (1 mg/ml) revealed that the average
particle diameter is 41 nm (volume weighting). Therefore, Compound 5 was considered to form micelles in water.

Example 6
Synthesis of Compound 6 (a conjugate of Compound 3 and etodolac)

[0092] Compound 3 (50 mg) obtained in Example 3 and etodolac (manufactured by Wako Pure Chemical Industries,
Ltd., 10.8 mg) were dissolved in DMF (0.5 ml), and DMAP (0.5 mg) and DIPC (0.012 ml) were added at 15°C. The
mixture was stirred for 20 hours. To the reaction solution, ethanol (1.5 ml) and diisopropyl ether (6 ml) were added, and
the mixture was stirred at room temperature for 1 hour. Thereafter, the precipitate was collected by filtration and washed
with ethanol/diisopropyl ether (1/4 (v/v), 3 ml). The resultant precipitate was dissolved in acetonitrile (3 ml) and water
(0.3 ml), and then applied to a column of an ion exchange resin (0.5 ml of Dowex 50(H*), manufactured by The Dow
Chemical Co.) and eluted with acetonitrile/water (10/1 (v/v), 3 ml). To the resultant elution fraction, water (6 ml) was
added, and acetonitrile was distilled off under reduced pressure. Thereafter, the resultant fraction was lyophilized to
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obtain Compound 6 (56 mg).

[0093] The content of etodolac bonded in Compound 6 was determined by analyzing by HPLC (high performance
liquid chromatography) etodolac released by dissolving Compound 6 (10.57 mg) in a 1 mol/l sodium hydroxide aqueous
solution (10 ml) and allowing the solution to react at room temperature for 1 hour to neutralize the solution with acetic
acid, and comparing the analysis result with a calibration curve of etodolac. As a result, the content of etodolac bonded
was determined as 11.6% (w/w). In Compound 6, no free etodolac was detected.

[0094] Gaussian distribution analysis using an aqueous solution of Compound 6 (1 mg/ml) revealed that the average
particle diameter is 49 nm (volume weighting). Therefore, Compound 6 was considered to form micelles in water.

Example 7
Synthesis of Compound 7 (a conjugate of Compound 3 and indomethacin)

[0095] Compound 3 (50 mg) obtained in Example 3 and indomethacin (manufactured by Wako Pure Chemical Indus-
tries, Ltd., 13.5 mg) were dissolved in DMF (0.5 ml), and DMAP (0.5 mg) and DIPC (0.012 ml) were added at 15°C. The
mixture was stirred for 20 hours. To the reaction solution, ethanol (1.5 ml) and diisopropyl ether (6 ml) were added, and
the mixture was stirred at room temperature for 1 hour. Thereafter the precipitate was collected by filtration and washed
with ethanol/diisopropyl ether (1/4 (v/v), 3 ml). The resultant precipitate was dissolved in acetonitrile (3 ml) and water
(0.3 ml), and then applied to a column of an ion exchange resin (0.5 ml of Dowex 50(H*), manufactured by The Dow
Chemical Co.) and eluted with acetonitrile/water (10/1 (v/v), 3 ml). To the resultant elution fraction, water (6 ml) was
added, and then, acetonitrile was distilled off under reduced pressure. Thereafter, the resultant fraction was lyophilized
to obtain Compound 7 (58 mg).

[0096] The content of indomethacin bonded to Compound 7 was determined by analyzing by HPLC (high performance
liquid chromatography) a decomposed substance (a 4-chlorobenzoic acid eliminated substance) of indomethacin re-
leased by dissolving Compound 7 (8.59 mg) in a 1 mol/l sodium hydroxide aqueous solution (10 ml), allowing the solution
to react at room temperature for 1 hour and then neutralizing the solution with acetic acid, and comparing the analysis
result with a calibration curve of the same decomposed substance obtained from indomethacin by the same treatment.
As a result, the content of indomethacin bonded was determined as 13.3% (w/w). In Compound 7, no free indomethacin
was detected.

[0097] Gaussian distribution analysis using an aqueous solution of Compound 7 (1 mg/ml) revealed that the average
particle diameter is 61 nm (volume weighting). Therefore, Compound 7 was considered to form a micelle in water.
Comparative Example 1

Synthesis of Comparative Compound 1 (an amide conjugate of a block copolymer consisting of a methoxypolyethylene
glycol moiety having a molecular weight of 5,000 and a polyaspartic acid moiety having a polymerization number of 30
and doxorubicin)

[0098] A methoxypolyethylene glycol-polyaspartic acid block copolymer (a polymerization number of aspartic acid:
30, 240 mg) prepared by the method according to Japanese Patent No. 3268913 was dissolved in DMF (10 ml), and N-
hydroxysuccinic acid imide (197 mg) and DIPC (0.267 ml) were then added at 35°C and stirred for 30 min. To the reaction
solution, ethyl acetate (20 ml) and diisopropyl ether (100 ml) were added, and the mixture was stirred at room temperature
for 1 hour. Thereafter, the precipitate was filtered, washed with ethyl acetate/diisopropyl ether (1/4 (v/v), 10 ml), and
dried under reduced pressure. The resultant precipitate was dissolved in DMF (6 ml), and doxorubicin hydrochloride
(130 mg) and triethylamine (0.038 ml) dissolved in DMF (6 ml) were added at 25°C. The mixture was stirred for 2 hours.
To the reaction solution, ethyl acetate (24 ml) and diisopropyl ether (96 ml) were added, and the mixture was stirred at
room temperature for 1 hour. The precipitate was filtered, washed with ethyl acetate/diisopropyl ether (1/4 (v/v), 10 ml),
and dried under vacuum. The resultant precipitate was dissolved in acetonitrile (30 ml) and water (3 ml) and then applied
to a column of an ion exchange resin (5 ml of Dowex 50(H*), manufactured by The Dow Chemical Co.) and eluted with
acetonitrile/water (10/1 (v/v), 15 ml). To the resultant elution fraction, water (36 ml) was added, and then, acetonitrile
was distilled off under reduced pressure. Thereafter, the resultant fraction was lyophilized to obtain Comparative Com-
pound 1 (338 mg).

[0099] The content of doxorubicin bonded in Comparative Compound 1 was determined by analyzing by HPLC (high
performance liquid chromatography) an aglycon (adriamycinone) of doxorubicin released by adding 1N hydrochloric
acid (1 ml) to Comparative Compound 1 (5.16 mg) and stirring the mixture at 40°C for 1 hour, and comparing the analysis
result with a calibration curve of the aglycon obtained by subjecting doxorubicin to the same treatment. As a result, the
content of doxorubicin bonded was determined as 31.6% (w/w). In Comparative Compound 1, no free doxorubicin was
detected.
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Test Example 1 (reference)
Drug Release in the Absence of Enzymes (Doxorubicin)

[0100] Compound 2 and Compound 4 which are the high-molecular weight conjugates according to the present in-
vention, and Comparative Compound 1 were each dissolved in a concentration of 1 mg/ml in PBS (phosphate-buffered
physiological saline, pH: 7.1), and incubated at 37°C. Doxorubicin released from the high-molecular weight conjugate
was analyzed and quantified by HPLC in comparison with a calibration curve. The proportion of the quantified value to
the total amount of the drug determined from the content of the drug in the high-molecular weight conjugate is shown
in Figure 1.

[0101] As is clear from Figure 1, the high-molecular weight conjugates (Compound 2 and Compound 4) according to
the present invention significantly released doxorubicin even in the absence of hydrolyzing enzymes. Particularly Com-
pound 2 having a polyaspartic acid moiety released doxorubicin more rapidly than Compound 4 having a glutamic acid
moiety. Incidentally, in Compound 2, the amount of doxorubicin released after 24 hours appeared to be decreased
probably because doxorubicin released into the solution was partially degraded in the solution. By contrast, release of
doxorubicin from Comparative Compound 1 having the amido bond was not confirmed even after 24 hours. These results
indicate an excellent drug release performance of the high-molecular weight conjugate according to the present invention
in the absence of hydrolyzing enzymes.

Test Example 2
(reference)
Drug Release in the Absence of Enzymes (Bestatin methyl ester)

[0102] Compound 5 which is a high-molecular weight conjugate according to the present invention was dissolved in
PBS (phosphate-buffered physiological saline, pH: 7.1) at a concentration of 1 mg/ml and incubated at 37°C. Bestatin
methyl ester released from the high-molecular weight conjugate was analyzed and quantified by HPLC in comparison
with a standard curve. The proportion of the quantified value based on the total amount of the drug determined from the
drug content in the high-molecular weight conjugate is shown in Figure 2.

[0103] As is clear from Figure 2, the high-molecular weight conjugate according to the present invention significantly
released bestatin methyl ester even without hydrolyzing enzymes. This result indicates the excellent drug release per-
formance of the high-molecular weight conjugate according to the present invention in the absence of hydrolyzing
enzymes.

Test Example 3
Drug Release in the Absence of Hydrolyzing Enzymes
(Etodolac and Indomethacin)

[0104] Compound 6 and Compound 7 were each dissolved in PBS (phosphate-buffered physiological saline, pH: 7.1)
at a concentration of 1 mg/ml and incubated at 37°C. Etodolac or indomethacin released from the high-molecular weight
conjugate was analyzed and quantified by HPLC in comparison with a calibration curve. The proportion of the quantified
value based on the total amount of the drug determined from the drug content of the high-molecular weight conjugate
is shown in Figure 3.

[0105] As is clear from Figure 3, the high-molecular weight conjugate according to the present invention significantly
released etodolac or indomethacin even without hydrolyzing enzymes. These results demonstrate an excellent drug
release performance of the high-molecular weight conjugate according to the present invention in the absence of hy-
drolyzing enzymes.

Test Example 4 (reference) Antitumor activity

[0106] Mouse colon cancer, Colon 26, maintained by serial subcutaneous subculture in mice, was minced into about
2-mm cubic fragments, and the fragments were subcutaneously transplanted on the dorsal part of female CDF1 mice
with a trocar. Eight days after the tumor transplantation, the high-molecular weight conjugate according to the present
invention (Compound 2 and Compound 4) or a control drug (Comparative Compound 1 and doxorubicin hydrochloride)
was each administered once into the mouse tail vein in a way such that each mouse received the same dose per body
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weight in terms of doxorubicin. Each compound was dissolved in a 5% liquid glucose for injection and used. After the
administration, the major axis (L mm) and the minor axis (W mm) of the tumor were measured using a caliper, and the
tumor volume was calculated by the formula (LxW2)/2. Table 1 shows the relative tumor based on the tumor volume on
the day of administration.

[Table 1]

Dose Days after administration
0 3 7 10 14

60 mg/kg 1.00 | 0.73 | 0.22 0.22 0.72
30 mg/kg 1.00 | 1.58 | 2.94 3.59 6.67
Compound 4 120 mg/kg | 1.00 | 0.89 | 0.33 0.17 0.03
60 mg/kg 1.00 | 1.65 | 1.51 0.78 0.71
30 mg/kg 1.00 | 1.96 | 2.76 217 3.44
Comparative Compound 1 | 240 mg/kg | 1.00 | 3.19 | 9.89 22.68 | 42.49
Doxorubicin 15 mg/kg 1.00 | 1.79 | 3.89 5.27 1217
Control 1.00 | 437 | 1255 | 17.94 | 30.69

Compound 2

[0107] The lethal dose of doxorubicin used as the control drug was 30 mg/kg, and therefore doxorubicin was admin-
istered at a dose of 15 mg/kg to perform the antitumor test. As is clear from Table 1, the high-molecular weight conjugate
according to the present invention had antitumor activity at a broadened range of the doses and exhibited a higher
antitumor effect compared with doxorubicin. By contrast, Comparative Compound 1 exhibited no antitumor effect at all
even in a dose of 240 mg/kg.

Brief Description of the Drawings

[0108]
Figure 1 (reference) shows the proportion of the amount of doxorubicin released from Compound 2, Compound 4
and Comparative Compound 1, based on the total amounts of bound doxorubicin in PBS solutions (pH: 7.1, 37°C).
Figure 2 (reference) shows the proportion of the amount of bestatin methyl ester from Compound 5, based on the
total amount of bound bestatin methyl ester in a PBS solution (pH: 7.1, 37°C).

Figure 3 shows the proportion of the amount of etodolac or indomethacin released from Compound 6 or
Compound 7, based on the total amount of the bound etodolac or indomethacin in a PBS solution (pH: 7.1, 37°C).

Claims
1. A high-molecular weight conjugate of physiologically active substances, comprising a structure in which a side chain
carboxy group of a block copolymer having a polyethylene glycol moiety and a polyaspartic acid moiety or a poly-
glutamic acid moiety is bonded to a substituent represented by the general formula (1):
-Ar-CR"5R16.0-C(=0)-A 0]

wherein Ar is represented by one of the following formulae:

e X

R15 and R'6 represent a hydrogen atom; and O-C (=0) -A represents a residue of the physiologically active
substance having a carboxy group, wherein the conjugate is represented by the general formula (Il):
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CO,R*
R1-0-(CH,CH,0),-R%-[(NHCOCH)4-(NHCOCH,CH).-(NHCOCH); - (1I)
CH,CO,R* CH,COR®
CORS® CO.H

(NHCOCH,CH)-(NHCOCH),-(NHCOCH,CH);-(NCOCH)J-NHR?

CH,CO,H COCH;

wherein R represents a hydrogen atom or a (C1 to C6) alkyl group; R2 represents a linkage group; R3
represents a hydrogen atom or a (C1 to C6) acyl group; R4 represents a substituent represented by the
general formula (ll1):

-Ar'-CR17R180-C(=0)-A ()

wherein Ar’
is represented by one of the following formulae:

v
pekDe
AN

: R17 and R8 represent a hydrogen atom; and O-C(=0)-A represents a residue of the physiologically active
substance having a carboxy group;

RS represents a substituent selected from the group consisting of a hydroxymethylphenoxy group optionally
having a substituent, a (C1 to C30) alkoxy group, a (C1 to C30) aralkyloxy group, a (C1 to C30) alkylamino
group, a di (C1to C30) alkylamino group, an amino acid with a protected carboxy group, and -NR6CONHR?
wherein R® and R7, which may be the same or different from each other, represent a (C3 to C6) cyclic alkyl
group or a (C1 to C5) alkyl group which may be substituted with a tertiary amino group; a represents an
integer of 5 to 11,500; d, e, f, g, h, i and j each represent an integer of 0 to 200; d+e represents an integer
of 1 to 200; and d+e+f+g+h+i+j represents an integer of 2 to 200; and respective units of the polyaspartic
acid are bonded in any order,

or wherein the conjugate is represented by the general formula (1V) :

R8-0-(CH,CH,0), -R°-[(NHCOGH),(NHCOCH),,-(NHCOCH),J-NHR® (IV)

o) OR" O R12 0O OH

wherein R8represents a hydrogen atom ora (C1 to C6) alkyl group; R® represents alinkage group; R10represents
ahydrogen atom ora (C1 to C6) acyl group; R represents a substituent represented by the general formula (V):

-Ar2-CR19R20-0-C(=0)-A (V)
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wherein Ar2
is represented by one of the following formulae:

e X

; R19 and R20 represent a hydrogen atom; and O-C(=0)-A represents a residue of the physiologically active
substance having a carboxy group;

R12 represents a substituent selected from the group consisting of a hydroxymethylphenoxy group optionally
having a substituent, a (C1 to C30) alkoxy group, a (C1 to C30) aralkyloxy group, a (C1 to C30) alkylamino
group, a di(C1 to C30) alkylamino group, an amino acid with a protected carboxy group, and -NR13CONHR14
wherein R'3 and R4, which may be the same or different from each other, represent a (C3 to C6) cyclic alkyl
group or a (C1 to C5) alkyl group which may be substituted with a tertiary amino group; b represents an integer
of 5 to 11,500; k represents an integer of 1 to 200; m and n each represent an integer of 0 to 200; and k+m+n
represents an integer of 2 to 200; and respective units of the polyglutamic acid are bonded in any order.

.
r

The high-molecular weight conjugate of physiologically active substances according to claim 1, wherein R'is a (C1
to C3) alkyl group; R2? is a (C2 to C6) alkylene group; R3 is a (C1 to C3) acyl group; Ar' in the general formula (I11)
of R4 is a phenyl group in which the bond of Ar! with a polymer is present in the ortho or para position to the bond
with CR17R'8; and a is an integer of 100 to 300; d, e, f, g, h, i and j are each an integer of 0 to 100; d+e is an integer
of 1 to 100; and d+e+f+g+h+i+j is an integer of 6 to 100.

The high-molecular weight conjugate of physiologically active substances according to claim 2, wherein R is a
methyl group; R2 is a trimethylene group; R3 is an acetyl group; and R5 is -N RECONHR? wherein R® and R” are
both a cyclohexyl group or an isopropyl group.

_ The high-molecular weight conjugate of physiologically active substances according to claim 1, wherein R8 is a
(C1 to C3) alkyl group; R?is a (C2 to C6) alkylene group; R10is a (C1 to C3) acyl group; Ar2 in the general formula
(V) as R is a phenyl group in which the bond of Ar2 with a polymer is present in the ortho or para position to the
bond with CR'9R20; and b is an integer of 100 to 300, k represents an integer of 1 to 90, m and n each represent
an integer of 0 to 90; and k+m+n is an integer of 6 to 90.

The high-molecular weight conjugate of physiologically active substance according to claim 4, wherein R8is a methyl
group; R9 is a trimethylene group; R0 is an acetyl group; and R12 is -NR13CONHR14 wherein R'3 and R4 are both
a cyclohexyl group or an isopropyl group.

The high-molecular weight conjugate of physiologically active substances according to claim 1, obtained by:

ester-bonding a side chain carboxy group of a block copolymer having a polyethylene glycol moiety and a
polyaspartic acid moiety or a polyglutamic acid moiety to a phenolic hydroxyl group of a hydroxybenzyl alcohol
compound; and

bonding an alcoholic hydroxyl group of the resultant ester compound with a carboxy group of the physiologically
active substance having the carboxy group.

The high-molecular weight conjugate of physiologically active substances according to claim 1, wherein the physi-
ologically active substance is an anticancer agent.

The high-molecular weight conjugate of physiologically active substances according to claim 1, wherein the physi-
ologically active substance is a physiologically active peptide.

The high-molecular weight conjugate of physiologically active substances according to claim 8, wherein the physi-
ologically active peptide is bestatin.

The high-molecular weight conjugate of physiologically active substances according to claim 1, wherein the physi-
ologically active substance is an anti-inflammatory agent.
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11. The high-molecular weight conjugate of physiologically active substances according to claim 1, wherein the physi-
ologically active substance having a carboxy group is indomethacin, etodolac, mefenamic acid, diclofenac, flurbi-
profen, ibuprofen, methotrexate and DMXAA.

12. The high-molecular weight conjugate of physiologically active substances according to claim 1, wherein the high-
molecular weight conjugate forms a micelle in water.

13. A pharmaceutical product comprising a high-molecular weight conjugate of physiologically active substances ac-
cording to claim 1 as an active ingredient.

14. An anticancer agent comprising a high-molecular weight conjugate of physiologically active substances according
to claim 7 as an active ingredient.

15. An anti-inflammatory agent comprising a high-molecular weight conjugate of physiologically active substances ac-
cording to claim 10 as an active ingredient.

Patentanspriiche

1. Hochmolekulares Konjugat von physiologisch aktiven Substanzen, umfassend eine Struktur, in der eine Seitenket-

ten-Carboxygruppe eines Blockcopolymers, das eine Polyethylenglykoleinheit und eine Polyasparaginsaureeinheit
oder eine Polyglutaminsdureeinheit aufweist, an einen durch die allgemeine Formel (l) dargestellten Substituenten
gebunden ist:

-Ar-CR15R16.0-C (=0) -A U]
wobei Ar durch eine der folgenden Formeln dargestellt wird:

o,

#
oder

R15 und R16 ein Wasserstoffatom darstellen; und 0-C(=0)-A einen Rest der physiologisch aktiven Substanz mit
einer Carboxygruppe darstellt, wobei das Konjugat dargestellt ist durch die allgemeine Formel (l1):

CO,R*
R'-0-(CH,CH,0),-R2-[(NHCOCH),-(NHCOCH,CH)-(NHCOCH}) - (I1)
CH,CO,R* CH,COR®
COR® CO;H

-(NHCOCH,CH),-(NHCOCH),-(NHCOCH,CH)-(NCOCH);]-NHR®

CH,CO,H COCH;

wobei R ein Wasserstoffatom oder eine (C1- bis C6-) Alkylgruppe darstellt; R2 eine Bindungsgruppe
darstellt; R3 ein Wasserstoffatom oder eine (C1- bis C6-) Acylgruppe darstellt; R4 einen durch die allgemeine
Formel (Ill) dargestellten Substituenten darstellt:

-Ar'-CR17R18-0-C (=0) -A (D)
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wobei Ar'
durch eine der folgenden Formeln dargestellt wird:

/‘/
oder
PN

R17 und R'8 ein Wasserstoffatom darstellen; und 0-C(=0)-A einen Rest der physiologisch aktiven Substanz
mit einer Carboxygruppe darstellt;

RS einen Substituenten darstellt, der ausgewahlt ist aus der Gruppe, bestehend aus einer Hydroxymethyl-
phenoxygruppe, die gegebenenfalls einen Substituenten aufweist, einer (C1- bis C30-) Alkoxygruppe, einer
(C1- bis C30-) Aralkyloxygruppe, einer (C1- bis C30-) Alkylaminogruppe, einer Di-(C1-bis C30-) Alkylami-
nogruppe, einer Aminoséure mit einer geschiitzten Carboxylgruppe und -NR6CONHR?, wobei R® und R?,
die gleich oder verschieden voneinander sein kénnen, eine zyklische (C3- bis C6-) Alkylgruppe oder eine
(C1- bis C5-) Alkylgruppe darstellen, die mit einer tertidren Aminogruppe substituiert sein kann; a eine
ganze Zahl von 5 bis 11.500 darstellt; d, e, f, g, h, i und j jeweils eine ganze Zahl von 0 bis 200 darstellen;
d + e eine ganze Zahl von 1 bis 200 darstellt; undd + e + f + g + h + i + j eine ganze Zahl von 2 bis 200
darstellt; und jeweilige Einheiten der Polyasparaginsaure in beliebiger Reihenfolge gebunden sind,

oder wobei das Konjugat dargestellt ist durch die allgemeine Formel (1V):

R8-0-(CH,CH,0),-R®-[(NHCOCH),-(NHCOCH),,-(NHCOCH),]-NHR'® (IV)

0 ORMO R'2 O OH

wobei R8 ein Wasserstoffatom oder eine (C1- bis C6-) Alkylgruppe darstellt; R® eine Bindungsgruppe darstellt;
R10 ein Wasserstoffatom oder eine (C1- bis C6-) Acylgruppe darstellt; R11 einen durch die allgemeine Formel
(V) dargestellten Substituenten darstellt:

-Ar2-CR19R20-0-C (=0) -A V)

wobei Ar2
durch eine der folgenden Formeln dargestellt wird:

e e
l oder
Ny - PN

R19 und R20 ein Wasserstoffatom darstellen; und O-C (=0) -A einen Rest der physiologisch aktiven Substanz
mit einer Carboxygruppe darstellt;

R12 einen Substituenten darstellt, der ausgewahlt ist aus der Gruppe, bestehend aus einer Hydroxymethyl-
phenoxygruppe, die gegebenenfalls einen Substituenten aufweist, einer (C1- bis C30-) Alkoxygruppe, einer
(C1- bis C30-) Aralkyloxygruppe, einer (C1- bis C30-) Alkylaminogruppe, einer Di-(C1-bis C30-) Alkylamino-
gruppe, einer Aminosaure mit einer geschiitzten Carboxygruppe und -NR13CONHR4, wobei R13 und R4, die
gleich oder verschieden voneinander sein kénnen, eine zyklische (C3- bis C6-) Alkylgruppe oder eine (C1- bis
C5-) Alkylgruppe darstellen, die mit einer tertiaren Aminogruppe substituiert sein kann; b eine ganze Zahl von
5 bis 11.500 darstellt; k eine ganze Zahl von 1 bis 200 darstellt; m und n jeweils eine ganze Zahl von 0 bis 200
darstellen; und k + m + n eine ganze Zahl von 2 bis 200 darstellt; und jeweilige Einheiten der Polyglutaminséaure
in beliebiger Reihenfolge gebunden sind.
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Hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch 1, wobei R eine (C1- bis C3-)
Alkylgruppe darstellt; R2 eine (C2- bis C6-) Alkylengruppe darstellt; R3 eine (C1- bis C3-) Acylgruppe darstellt; Ar?
in der allgemeinen Formel (Ill) von R4 eine Phenylgruppe darstellt, in der die Bindung von Ar! mit einem Polymer
in ortho- oder paraStellung zu der Bindung mit CR'7R8 vorliegt; und a eine ganze Zahl von 100 bis 300 darstellt;
d, e, f, g, h,iundj jeweils eine ganze Zahl von 0 bis 100 darstellen; d + e eine ganze Zahl von 1 bis 100 darstellt;
undd+e+f+g+h+i+jeine ganze Zahl von 6 bis 100 darstellt.

Hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch 2, wobei R eine Methylgruppe
darstellt; R2 eine Trimethylengruppe darstellt; R3 eine Acetylgruppe darstellt; und RS -NR6CONHR? darstellt, wobei
R® und R7 beide eine Cyclohexylgruppe oder eine Isopropylgruppe sind.

Hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch 6, wobei R8 eine (C1- bis C3-)
Alkylgruppe darstellt; R9 eine (C2- bis C6-) Alkylengruppe darstellt; R10 eine (C1- bis C3-) Acylgruppe darstellt; Ar2
in der allgemeinen Formel (V) als R eine Phenylgruppe darstellt, in der die Bindung von Ar2 mit einem Polymer
in ortho- oder paraStellung zu der Bindung mit CR1°R20 vorliegt; und b eine ganze Zahl von 100 bis 300 darstellt;
k eine ganze Zahl von 1 bis 90 darstellt, m und n jeweils eine ganze Zahl von 0 bis 90 darstellen; und k + m + n
eine ganze Zahl von 6 bis 90 darstellt.

Hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch 4, wobei R8 eine Methylgruppe
darstellt; R9 eine Trimethylengruppe darstellt; R10 eine Acetylgruppe darstellt; und R12 -NR13CONHR darstellt,
wobei R13 und R4 beide eine Cyclohexylgruppe oder eine Isopropylgruppe sind.

Hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch 1, erhalten durch:

Ester-Bindung einer Seitenketten-Carboxygruppe eines Blockcopolymers mit einer Polyethylenglykoleinheit
und einer Polyasparaginsaureeinheit oder einer Polyglutaminsaureeinheit an eine phenolische Hydroxylgruppe
einer Hydroxybenzylalkoholverbindung; und

Bindung einer alkoholischen Hydroxylgruppe der resultierenden Esterverbindung mit einer Carboxygruppe der
physiologisch aktiven Substanz, welche die Carboxygruppe aufweist.

Hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch 1, wobei die physiologisch aktive
Substanz ein Antikrebsmittel ist.

Hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch 1, wobei die physiologisch aktive
Substanz ein physiologisch aktives Peptid ist.

Hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch 8, wobei das physiologisch aktive
Peptid Bestatin ist.

Hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch 1, wobei die physiologisch aktive
Substanz ein entziindungshemmendes Mittel ist.

Hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch 1, wobei die physiologisch aktive
Substanz, die eine Carboxygruppe aufweist, Indomethacin, Etodolac, Mefenaminsaure, Diclofenac, Flurbiprofen,

Ibuprofen, Methotrexat und DMXAA ist.

Hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch 1, wobei das hochmolekulare
Konjugat in Wasser eine Mizelle bildet.

Pharmazeutisches Produkt, umfassend ein hochmolekulares Konjugat von physiologisch aktiven Substanzen nach
Anspruch 1 als Wirkstoff.

Antikrebsmittel, umfassend ein hochmolekulares Konjugat von physiologisch aktiven Substanzen nach Anspruch
7 als Wirkstoff.

Entziindungshemmendes Mittel, umfassend ein hochmolekulares Konjugat von physiologisch aktiven Substanzen
nach Anspruch 10 als Wirkstoff.
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Revendications
1. Conjugué de haut poids moléculaire de substances physiologiquement actives, comprenant une structure dans
laquelle un groupe carboxy de chaine latérale d’'un copolymére séquencé ayant une fraction polyéthyléne glycol et
une fraction acide polyaspartique ou une fraction acide polyglutamique est lié¢ a un substituant représenté par la
formule générale (I) :

-Ar-CR15R16-0-C(=0)-A ()

dans laquelle Ar est représenté par I'une des formules suivantes :

ou

R15 et R16 représentent un atome d’hydrogéne ; et O-(C=0) -A représente un résidu de la substance physio-
logiquement active ayant un groupe carboxy, ou le conjugué est représenté par la formule générale (ll) :

CO,R*
R1-0-(CH,CH,0),-R%[(NHCOCH)4-(NHCOCH,CH).-(NHCOCHY); - (1I)
CH,CO,R* CH,COR®
COR® CO.H

(NHCOCH,CH),-(NHCOCH},-(NHCOCH,CH);-{NCOCH)]-NHR?

CH,CO,H COCH;,

dans laquelle R? représente un atome d’hydrogéne ou un groupe alkyle en C1 a C6 ; R2 représente un
groupe de liaison ; R3 représente un atome d’hydrogéne ou un groupe acyle en C1 & C6 ; R4 représente
un substituant représenté par la formule générale (lll) :

-Ar'-CR17R18-0-(C=0)-A D)

dans laquelle Ar?
est représenté par une des formules suivantes :

ou
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be

; R17 et R18 représentent un atome d’hydrogéne ; et O-C(=0)A représente un résidu de la substance
physiologiquement active ayant un groupe carboxy ;

RS représente un substituant choisi dans le groupe constitué par un groupe hydroxyméthylphénoxy ayant
éventuellement un substituant, un groupe alcoxy en C1 a C30, un groupe aralkyloxy en C1 a C30, un
groupe alkylamino en C1 a C30, un groupe alkylamino en di (C1 a C30), un acide aminé avec un groupe
carboxy protégé, et -NR6CONHRY dans laquelle R® et R7, qui peuvent étre identiques ou différents I'un de
l'autre, représentent un groupe alkyle cyclique en C3 a C6 ou un groupe alkyle en C1 a C5 qui peut étre
substitué avec un groupe amino tertiaire ; a représente un nombre entier de 5a 11500 ; d, e, f, g, h, i et
représentent chacun un nombre entier de 0 a 200 ; d + e représente un nombre entier de 1 2 200 ; etd +
e+f+g+h+i+jreprésente unnombre entier de 2a200 ; etles unités respectives de I'acide polyaspartique
sont liées dans n’importe quel ordre,

ou bien ou le conjugué est représenté par la formule générale (1V) :

R®.0-(CH,CH,0),-R°-[(NHCOCH}),-(NHCOCH),,-(NHCOCH),]-NHR 10 (V)

0] OR"O R2 0o CH

dans laquelle R8 représente un atome d’hydrogéne ou un groupe alkyle en C1 & C6 ; R9 représente un groupe
deliaison ; R10 représente un atome d’hydrogéne ou un groupe acyle en C1 a C6 ; R1" représente un substituant
représenté par la formule générale (V) :

-Ar2-CR19R20-0-C(=0)-A (V)

dans laquelle Ar2
est représenté par une des formules suivantes :

ou

; R19 et R20 représentent un atome d’hydrogéne ; et OC(=0)-A représente un résidu de la substance physio-
logiquement active ayant un groupe carboxy ;

R12 représente un substituant choisi dans le groupe constitué par un groupe hydroxyméthylphénoxy ayant
éventuellement un substituant, un groupe alcoxy en C1 a C30, un groupe aralkyloxy en C1 a C30, un groupe
alkylamino en C1 a C30, un groupe alkylamino di(C1 a C30), un acide aminé avec un groupe carboxy protége,
et-NR13CONHR'4dans laquelle R13 et R4, qui peuvent étre identiques ou différents I'un de I'autre, représentent
un groupe alkyle cyclique en C3 a C6, ou un groupe alkyle en C1 a C5 qui peut étre substitué avec un groupe
amino tertiaire ; b représente un nombre entier de 5 a 11500 ; k représente un nombre entier de 1 a 200 ; met
n représentent chacun un nombre entier de 0 a 200 ; et k + m + n représente un nombre entier de 2 a 200 ; et
les unités respectives de I'acide polyglutamique sont liées dans n’importe quel ordre.

2. Conjugué de haut poids moléculaire de substances physiologiquement actives selon la revendication 1, dans lequel
R est un groupe alkyle en C1 a C3 ; R2 est un groupe alkyléne en C2 a C6 ; R3 est un groupe acyle en C1a C3 ;
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Ar! dans la formule générale (l11) de R4 est un groupe phényle dans lequel la liaison de Ar! avec un polymére est
présente en position ortho ou para a la liaison avec CR17R8; et a est un nombre entier de 100 4 300 ; d, e, f, g, h,
i et j sont chacun un nombre entier de 0 a 100 ; d + e est un nombre entierde 1a100;etd+e+f+g+h+i+j
est un nombre entier de 6 a 100.

Conjugué de haut poids moléculaire de substances physiologiquement actives selon la revendication 2, dans lequel
R est un groupe méthyle ; R2 est un groupe triméthyléne ; R3 est un groupe acétyle ; et RS est -NR6CONHR? dans
laquelle R® et R7 sont tous les deux un groupe cyclohexyle ou un groupe isopropyle.

Conjugué de haut poids moléculaire de substances physiologiquement actives selon la revendication 1, dans lequel
R8 est un groupe alkyle en C1 a C3 ; R? est un groupe alkyléne en C2 a C6 ; R10 est un groupe acyle en C1aC3 ;
Ar2 dans la formule générale (V) comme R'! est un groupe phényle dans lequel la liaison de Ar2 avec un polymére
est présente en position ortho ou para a la liaison avec CR19R20; et b est un nombre entier de 100 & 300, k représente
un nombre entier de 1 a 90, met n représentent chacun un nombre entier de 0 a 90 ; et k + m + n est un nombre
entier de 6 a 90.

Conjugué de haut poids moléculaire de substance physiologiquement active selon la revendication 4, dans lequel
R8 est un groupe méthyle ; R est un groupe triméthyléne ; R10 est un groupe acétyle ; et R12 est -NR13CONHR 14
dans laquelle R13 et R4 sont tous les deux un groupe cyclohexyle ou un groupe isopropyle.

Conjugué de haut poids moléculaire de substances physiologiquement actives selon la revendication 1, obtenu par :

liaison ester d’'un groupe carboxy de chaine latérale d’'un copolymére séquencé ayant une fraction polyéthyléne
glycol et une fraction acide polyaspartique ou une fraction acide polyglutamique a un groupe hydroxyle phéno-
lique d’'un composé alcool hydroxybenzylique ; et liaison d’'un groupe hydroxyle alcoolique du composé ester
résultant avec un groupe carboxy de la substance physiologiquement active ayant le groupe carboxy.

Conjugué de haut poids moléculaire de substances physiologiquement actives selon la revendication 1, dans lequel
la substance physiologiquement active est un agent anti-cancéreux.

Conjugué de haut poids moléculaire de substances physiologiquement actives selon la revendication 1, dans lequel
la substance physiologiquement active est un peptide physiologiquement actif.

Conjugué de haut poids moléculaire de substances physiologiquement actives selon la revendication 1, dans lequel
le peptide physiologiquement actif est la bestatine.

Conjugué de haut poids moléculaire de substances physiologiquement actives selon la revendication 1, dans lequel
la substance physiologiquement active est un agent anti-inflammatoire

Conjugué de haut poids moléculaire de substances physiologiquement actives selon la revendication 1, dans lequel
la substance physiologiquement active ayant un groupe carboxy est I'indométhacine, I'étodolac, 'acide méfénami-

que, le diclofénac, le flurbiprofene, l'ibuproféne, le méthotraxate et le DMXAA.

Conjugué de haut poids moléculaire de substances physiologiquement actives selon la revendication 1, dans lequel
le conjugué de haut poids moléculaire forme une micelle dans I'eau.

Produit pharmaceutique comprenant un conjugué de haut poids moléculaire de substances physiologiquement
actives selon la revendication 1 comme principe actif.

Agent anti-cancéreux comprenant un conjugué de haut poids moléculaire de substances physiologiquement actives
selon la revendication 7 comme principe actif.

Agent anti-inflammatoire comprenant un conjugué de haut poids moléculaire de substances physiologiquement
actives selon la revendication 10 comme principe actif.
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